Hz. While other natural frequencies were associated with the local vibration mode because it appears only at one point of measurement.
INTRODUCTION
The working principle of the engine consists of a system that assembly the thermodynamic cycle and mechanical cycle. The thermodynamic cycle is known as the diagram (P-T) whereas the diagram (P-V) is known as the mechanical cycle. To operate it, the engine can be rotated in a certain spin after receiving the force from the combustion process. When the component moves, there is an inertial force generated from the combustion process. These forces will vibrate the structure of the cylinder engine. A welldesigned engine generates lower vibrations, but if the usage duration is long, the vibration amplitude will be larger, and this will affect the engine condition. The generated vibration signal will have a certain frequency spectrum and vibration feature. The vibration effect that appears on the engine is highly influential, which will ultimately shorten the operating life of the engine (Xue and Howard, 2018) .
To identify the function of vibration frequency response on the engine, we did a testing by using a Diesel engine. The testing was done by using Diesel engine single cylinder (brand: German 1D81 Z; type: Hazt) with the Direct Injection system (DI). The instrument acquisition and spectrum analyzer which were used were MSA (Multichannel Spectrum Analyzer).
Some researchers have tested the frequency response function, such as Delprete et al (2010) , who performed the frequency response function test in the powertrain on a cylinder engine using two excitation style methods: Impact Hammer and Exciter. The exciter is more suitable because of its ability to identify several modes with a smaller size allowing structural modes to form as a deformation capital on a single-cylinder engine component. Kumar et al (2011) compared the characteristics of two-cylinder blocks engine and bearing. The FRF characteristic of a system is the basis for determining the sensitivity of the system and any design changes that are able to change the FRF characteristics. Jian, et al (2015) performed the test using the FRF method in the combustion chamber, which showed that the frequency domain obtained had the low-frequency content. Masahiro (2015) compared the FRF method with multibody dynamic, showing the same tendency in their bolt stiffness, either on the amplitude or phase that occurs in the steering system. FRF method is also carried out to determine the passengers' comfort levels to reduce the vibrations caused by the bus frame (Dahil et al (2016) ). The FRF method was also performed to detect the degree of damage or cracking on the gears (Mohamad et al, 2016) . Chen et al (2017) tested the relationship between the friction coefficient resulted from the tires and the one resulted from the steering system by using the FRF method and then did a validation on the experiment and the simulation. The performance of a vehicle attenuation is measured with the FRF method obtained from the given excitation force and then compared with the vibration obtained from the velocity level of measurement at the same point (Saha, 2017) . A mathematical modeling of the vibration response that occurs on the engine has been done by Riri Sadiana (2016) .
In addition to vehicles, the FRF method has also been used to detect damage to a structure (Homaei et al (2015) ) and to detect a crack on a beam (Lin, (2015) ).
This research was conducted to identify the frequency in each engine component, especially on the Valve train component. The amount of vibration that occurred was measured by using a vibration signal called MSA. From the MSA, we obtained the dynamic characteristics of a Diesel engine through measurement of frequency response function (FRF) with an excitation style method called exciter. The frequency response function (FRF) is the basis of measurement to identify the dynamic characteristic in a mechanical structure. Experimental capital parameters (frequency, attenuation, and shape mode) can be obtained from FRF measurement.
LITERATURE REVIEW
The Frequency Response Function (FRF) is the ratio of the vibration response signals received by a mechanical structure resulted from the excitation force of a system in the frequency domain. The vibration response and the vibration excitation signals are measured simultaneously using a vibration sensor and load cell which acted as the exciter force to measure the instruments. By applying Fourier transform, we obtained the data and the result of the transformation in the frequency domain.
A system in Fig. 1 shows the systems of mass, spring, and damper. Those systems are continuously subjected to a force of Fo. The system is often referred to as a Single Degree of Freedom (SDOF). From the SDOF system, we can know the natural frequency system. The Natural Frequency is the frequency at which a structural system experiences oscillation in its mass and stiffness when received an excitation force, while when the force is removed, the structure will oscillate freely. Natural frequencies are the part of the capital property. The displacement of the structure when vibrating is called the vibration mode. The physical properties of the structure strongly influence the vibration frequency.
To find out the amplitude of the x deviation, we need to know the characteristic magnitude of x to . Based on the free-body diagram of Fig. 1 , the motion equation of the object is: 
Based on Equ. (9), it can obtain the magnitude equation and the phase angle as follows:
While the phase angle is
The frequency response function (FRF) can be obtained by measuring the frequency spectrum of the vibration response signal received by a mechanical structure produced by the excitation force of the vibration. The frequency response function is divided into three groups based on the responses which are measured. First is displacement response which is called as receptance
Then, a velocity response which is called as mobility
And, an acceleration response which is called as inertance
In measuring the vibration of the engine, the data about the signal is obtained from the response signal which comes from the inside or outside of the Diesel engine. In general, to identify the signal from the vibration source, we usually do the measurement in the time domain to describe the original form of the vibration signal of the structure which is being measured. A simple signal in time domain is very easy to analyze but the complex signal is not. Therefore, we need an analysis in the frequency domain. The frequency domain is obtained by using Fast Fourier Transforms (FFT), where every periodic signal is the result of the sum of sine or cosine signals contained in different fractions.
The measurement of vibration generates noise so a coherence function is required. Coherence function shows the degree of the linear relationship between two signals as a frequency function. Coherence function consists of Cross Spectral Density and Auto Spectral Density. Mathematically, it can be written as follows
where GAB is the Cross Spectral Density between the input signal and output signal, while GAA and GBB are the Auto Spectral Density of input and output signals.
In each coherency, the frequency can be taken as the coefficient of correlation (squared) which expresses the level of linear relationship between two variables, the cross-correlation function in the frequency domain having dimensionless features and the value of 0 and 1, the number indicates whether there is an outside noise signal or Noise which is also measurable during shaving, as shown in Fig. 2 . 
METHOD
Identifying the dynamic characteristics of the Diesel engine, we performed the measurement using the Frequency Response Function (FRF). The excitation force was applied to the cylinder of the Diesel engine using vibration exciter. The excitation force was applied to the cylinder shaft of the engine in a vertical direction. The measurement of vibration response was carried out at three points: point A which is situated below the engine shaft and in line with the stinger, as shown in Fig. 3 (a) . Thus, FRF at point A shows the FRF point. Point B is located in the valve train component, the point C is located above the cap of the valve train component, as shown in Fig. 3 (b) and (c).
Those measurement points were selected because there will be a further research on vibration characteristics that occur in all three areas, especially on the Valve train component, when the engine is turned on. The FRF measurement in this study used four frequencies, which are 0 -3200 Hz, 3200 -6400 Hz, 6400 -9600 Hz and 9600 -11200 Hz. Those four different frequencies were used because, when the testing of an engine is in the lit state, we can use those frequencies. The photo which describes the setup test to get the experimental data can be seen in The devices structure of the FRF measurement is shown in Fig. 4 . In that figure, it can see the types of equipment that can be used, which are as follows: -Accelerometer, in this study we used the piezoelectric accelerometer made by IMV Corporation type VP 200, VP51 and VP 11 (SUS). Accelerometer acts to measure vibration response. -the ref sensitivity specifications of the load cells which were used were 50 Hz, 23 o C, 3.93 pC / N -Change amplifier serves to amplify the signal coming from the Accelerometer. -Multichannel spectrum analysis (MSA) is composed of mainframe HP35360A and PC which is equipped with software to operate the instrument with the maximum frequency range that can be analyzed is 12.8 kHz produced by Hewlett and Packard. MSA was used as a source of excitation signals, spectrum analyzers and acquisition data in this study. -Power amplifier, the one which was used as the output capacity of 180 VA. The reduction capacity was DC-100 kHz and the operating temperature was 5 -40 Fig. 6 and Fig. 7 show one of the FRF measurements. The figure shows the result of FRF measurement at point A or FRF point, for frequencies of 0 -3200 Hz and 3200 -6400 Hz. In the frequency of 0 -3200 Hz, there were 3 natural frequencies which are 1779, 1927 and 3118 Hz, as shown in Fig. 6. Fig. 7 shows the results of FRF measurements. It is shown that in the frequency of 3200 -6400 Hz there were four personal frequency: 3399, 4605, 4821 and 5943 Hz.
RESULTS AND DISCUSSION
The coherence value that was obtained at all natural frequencies was 0.99. This shows that Noise obtained at natural frequency is very small. Thus, the confidence level of FRF measurement is very high. The natural frequencies obtained from the FRF measurements in this study are presented in Table 1 . This table shows the presence of natural frequencies that appear in more than one remote measurement point. This shows that the natural frequency arises because of the global vibration mode.
CONCLUSION
The results of the dynamic characteristics test on Diesel engine s using function response shows that: -There is a natural frequency that appears in more than one measurement point. This frequency shows the existence of a global vibration mode. -The global vibration mode occurs at natural frequencies of 3118, 4805, 4821, 5021, 7129, 8601, 11107 Hz. Based on the FRF test, we did the measurement of vibration on the Diesel engine, especially on the valve train component when the combustion happens. A follow-up study will be conducted to determine the vibration characteristics caused by the clearance changes effect on the valve train, as the basis of vibration monitoring.
